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♦ NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the foUowing-ization 1 about the whole composition by the atomic ratio of the metallic element which is the conductive 
ceramics which consist of a multiple oxide which contains La and Cr at least as a metallic element, and constitutes this multiple oxide. 
[Formula 1] 

La^ Mly M2^ Crp 

Ml ti, Mg. Ca^ SrRC;Ba®if*^^>i»fn*il>^i<<i:t>m 

Conductive ceramics with which it comes out, and it is characterized by x in ** 1, and y, z and p satisfying x+y+z+p=20<x, 0<2, 0<p, and 
0.002 <=y<=0.90.001 <=y-z<=0.8 when expressed. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is LaCr03 suitable as the current collec tion material^ojrgie ceramic heater elements of a solid oxide 
fuel cell cell, such as separator, a gas diffuser, and an interchanglTco rm^tor^ coE3uctivify"ceramTcsr 

[Description of the Prior Art] LaCr03 The compound expressed is excellent in chemical stability in an elevated temperature, and since 
electronic-conduction nature is large, the application to the current collection material or th e cerami c heater elements of a solid oxide fuel 
cell ce ll, such as separator, a gas difFuser, an d a n interchange conn ector, is consi dered. M oreover, recently, in order to raise electrical 
— conductivity, the LaCr03 system material wHich replaced a part of rraTCFislLlso proposed with calcium, Sr, Ba, or Mg. 

[0003] It is Y2 03 as a solid oxide fuel cell cell is shown in drawing 1 . Stabilization Zr02 LaMn03 which replaced porous La by the 
whole surface of an electrolyte 1 by calcium and Srit forms as an air pole 2, the fuel electrode 3 which consists of porous nickel-Zr02 (Y2 
03 content) is formed in the field of another side, and the single cell is constituted. This single cell is above-mentioned LaCr03. It inserted 
and is crowded with the separator 4 of a system. In addition, power generation supplies air (oxygen) to the air pole side of a cell, supplies 
fuel (hydrogen) to a fuel-electrode side, and it is carried out at the temperature of 1000-1050 degrees C. 

[0004] The resistance element called PTC thermistor represented by the barium titanate etc. in the heater element of the ceramic of an 
elevated-temperature operation on the other hand is known. Although it is the feature that this element has a self-temperature-control 
function at an elevated temperature since electric resistance is large, a service temperature is comparatively used in a low- temperature field 
to about 350 degrees C. On the other hand, it is LaCr03 so that it may be indicated by Japanese Patent Application No. No. 1031 17 [ five 
to ] as a ceramic heater element whose service temperature is 400 degrees C - 1200 degrees C. The self-generation-of-heat type ceramic 
heater element of system material is also proposed. 
[0005] 

[Problem(s) to be Solved by the Invention] This LaCr03 System material is LaCi03 produced by the oxidizing atmosphere as mentioned 
above although it was the current collection material of a solid oxide fuel cell cell, and a material suitable as various ceramic heater 
elements. System material has the fatal fault of expanding in reducing atmosphere. Therefore , when atm os phere was repeated to an 
oxidation state/reduced condition, expansi on and con traction were repeated, the crack occurre dTn material , consequently there was a 
problenTthat a tuel cei l cell and~a"tTeaterelement broke. 

'[0006] ' ' 

[Means for Solving the Problem] As a result of repeating examination about the method for suppressing expansion/contraction to the 
above-mentioned problem, while this invention persons replaced a part of La or Cr with alkaline-earth elements, such as Mg and calcium, 
in the multiple oxide which contains La and Cr at least, when expansion and contraction behavior were suppressed and this problem was 
solvable by replacing by Zr, they found out things and resulted in this invention. 

[0007] That is, the conductive ceramics of this invention are the folio wing-ization 1 [0008] about the whole composition by the atomic 
ratio of the metallic element which is the conductive ceramics which consist of a multiple oxide which contains La and Cr at least as a 
metallic element, and constitutes this multiple oxide. 
[Formula 1] 

La^ Mly M2 ^ Crp 

Ml Ji, Mg> C a. S rRCXB a<Dm^ii>miftli,{i>t£ < i 1 8 

_ [0009] It comes out, and when expressed, x in ** 1, and y, z and p are characterized by satisfying x+y+z+p=20<x, 0<z, and 0<p0.002 

~<=y<^0:90:00r <=y-z<=0.8. 

[0010] In the conductive ceramics of this invention, the reason~which limited xin-*-M-and the jvalue. of y,,z,^dp ^bove is explained. First, 

if y value which shows at least one sort of amounts chosen from the group of Mg, calcium, Sr, and Ba is smaller than 0T0027electrical 

conductivity will become small, the essential property as conductive ceramics is not acquired, and it cannot be used as SAPARETA of a 
fuel cell cell, an interchange connector, and a heater element. Moreover, if this y value is larger than 0.9, while electrical conductivity will 
become small, a degree of sintering also becomes bad. the [ furthermore, / except the above-mentioned y value, Zr, or Zr and La / periodic- 
table ] — if electrical conductivity is small when a difference (y-z) with z value which shows the amount of at least one sort chosen from 3a 
group element and the group of Hf of combination is smaller than 0.001, and 0.8 is exceeded conversely, a degree of sintering will fall 
Moreover, z value is not acquired for the depressor effect of expansion/contraction by 0. According to this invention, still more desirable 
ranges are x+y+z+p-20<x, 0<p, and 0.3 <=y<=0.60.1 <=z<=0.30.1 <=y-z<=0.4 from the above-mentioned viewpoint. 
[001 1] In addition, according to the conductive ceramics of this invention, Mn, Fe, and Co can also replace a part of Cr at a rate below 30 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 3/28/03 



Page 2 of 6 



atom % to Cr, In this case, Mn, Fe, Co, etc. are calculated as p. 

[00121 Moreover, when A element is Mg about x which shows the amount of La(s) in the above- izing 1, it is 1 .6/(1.8+x+y)<=x<=3.2/ 
(1.8+x+y). 

****** is good. This is La 203 by baking conditions, when x exceeds 3.0/(1.8+x+y). The amount of deposits may increase, it may react 
with the moisture in air, or carbon dioxide gas, and material may decompose. Moreover, when x is smaller than 1.6/(L8+x+y), in order for 
a degree of sintering to fall and to make material sinter, the temperature of 1700 degrees C or more is not needed and economical. 
[0013] On the other hand, it is 1 .6/(1.7+x+y)<=x<=3.2/(l .7+x+y) by the reason same when A elements are calcium, Ba, and Sr as the case 
of Mg. 

It is desirable to carry out ** satisfactory. 

[0014] For the conductive ceramics of this invention, the main crystal phase is a general formula AB03. It consists of a perovskite type 

crystal expressed, and is Ml. calcium, inner Sr, and inner Ba constitute A site with La, and Mg constitutes B site with Cr. M2 

[ furthermore, ] the [ Zr or periodic-table ] -- although 3a group element is based also on an addition, in almost all cases, it constitutes B site 

[0015] Moreover, as organization, it is Ml . y value is about 0.2 when it is Mg Ml It is LaCr03, when it is calcium, Sr, and Ba and y value 
exceeds about 0.3, respectively. The crystal of MgO, CaO, SrO, BaO, etc. carries out a distributed deposit at least during a perovskite main 
crystal, moreover ~ according to the conductive ceramics of this invention -- everything but MgO or CaaO - a case - the [ very slight La 
203, Y2 03, Zi02 or La, and / periodic-table ] - although a solid- solution oxide with 3a group element may deposit, since such material 
influences neither a degree of sintering nor electrical conductivity, there is especially no problem 

[0016] The deposit of MgO, CaO, and BaO has the effect which controls the coefficient of thermal expansion of ceramics. LaCr03 As 
compared with a solid electrolyte, it is small, when a fuel cell cell is constituted, thermal stress occurs, and depending on the case, a cell 
may destroy the coefficient of thermal expansion of the solid solution. It is LaCr03 by depositing the crystal of MgO, CaO, etc. according 
to this invention. A coefficient of thermal expansion can be made in agreement with the coefficient of thermal expansion of a solid 
electrolyte as a multiple oxide of the solid solution, MgO, or CaO. 

[0017] As for especially the diameter of average crystal grain of MgO and CaO that carried out the distributed deposit, it is desirable from a 
strong point that it is 10 micrometers or less 50 micrometers or less. LaCr03 which is the main crystal phase A solid-solution phase also 
has especially desirable 20 micrometers or less 50 micrometers or less from a strong point. When the diameter of average crystal grain of 
these crystal phases exceeds 50 micrometers, it is because the mechanical strength of material becomes small and may be destroyed by the 
thermal shock. 

[0018] Moreover, when the conductive ceramics of this invention are used at an elevated temperature, a high creep-proof property is 
required. As for this creep-proof property, for it being greatly influenced by aluminum and Si into ceramics, and especially making a creep- 
proof property high, it is desirable to control the total amount of aluminum and Si to 2 or less % of the weight 5 or less % of the weight, 
[0019] It is Y2 03 whose coefficient of thermal expansion of these ceramics is a solid electrolyte when using the conductive ceramics of 
this invention as the interchange connector and separator of a fuel cell cell. Or Yb 203 Stable Zr02 LaMn03 which comes to add CaO, 
SrO, etc. Generating of thermal stress can be suppressed by making it in agreement with a system air pole, and destruction of a cell can be 
prevented. Therefore, the coefficient of thermal expansion of conductive ceramics needs to adjust to the range of 10 - llxlO-6/degree C by 
the lOOO-degree C temperature requirement from a room temperature. As a desirable range of this formation 1 of a point shell, 
x+y+z+p=20<x, 0<z, 0<p, and 0.3 <=y<=0.60.1 <=y-z<=0.4 are good. 

[0020] the conductive ceramics of this invention ~ setting ~ M2 the [ which constitutes a part / periodic-table ] as a 3a group element, at 
least one sort specifically chosen from the group of Y, Yb, Sc, Sm, Dy, Nd, Pr, Ce, Gd, and Er is mentioned 

[0021] In order to manufacture the conductive ceramics of this invention They are La 203 and Cr 203 as a start raw material. Ml besides 
powder And M2 The carbonate which forms an oxide with the metaled oxide or heat treatment to constitute, compounds, such as a nitrate, - 
- using ~ those metallic element ratios - the above-mentioned ~ the ball mill using [ prepare so that-izing 1 may be satisfied the bottom, 
and ] the zirconia ball -- After mixing by the vibration mill, this powder is ground so that it may become a further predetermined powder 
particle diameter. It fabricates in arbitrary configurations by the forming means of a request of this, for example, the die press, the cold 
isostatic press, extrusion molding, etc., and at the temperature of 1400-1700 degrees C, in the atmosphere or inert atmospheres, such as Ar, 
it calcinates for 2 to 7 hours, and produces. What is necessary is to carry out temporary quenching treatment at the temperature of 1300- 
1600 degrees C at once for 2 to 5 hours, and just to carry out forming baking using the powder with which the part became solid-solution 
powder before fabrication, in order to raise the dimensional accuracy of a product, moreover, LaCr03 which contains Mg, calcium, etc. 
beforehand MgO and La 203 after producing solid-solution powder, Y2 03, and Zr02 etc. ~ specified quantity addition may be carried out 
and you may prepare 

[0022] Next, the case where the conductive ceramics of this invention are used as curr ent collect ion members, such as an interchange 
corinectorofaTueLcell-and-separator, is explained? in the monotonous type tuel cell cell shown in drawing rY2"03"['3-r5ln6r%~]rYb " 
2(>3"ami"Sc203 Or Er 203 Contained stabilization Zr02 Or Y2 03 [ 5-30 mol % ], Yb 203 and Gd 203 Ce02 containing one sort from - 
one side of the becoming solid electrolyte 1 ~ for example porous LaMn03 which replaced La from Sr of 10 - 20 atom %, and calcium or 
the air pole 2 which consists of material, such as Japanese Patent Application No. No. 66935 [ five to ], - 60 volume %nickel-40 volume % 
Zr02 (Y2 03 content) of the porosity [ field / of another side ] as a fuel electrode 3 A cermet is formed, the current collection called 
-separator which connecis between cells by making this into a single cell a member 4 connects electrically the fue l electrode of the cell 
which adjoins an air pole the conduct iye'cCTamics ofthis invention - thisxun^ i^^ It sets in this cell and 

is'hydrogenrand'CO and CU2 to air or oxygen gas, and a fuel electrode in an air pole 27Gas etc. is suppliedrfoFthis reaspn^current 

collection -- the field of a oxidizing gas and another side contacts [ one field of a member 4 ] reducing gas, and the high substantia 
compacta besides high electrical conductivity is required from the need of isolating these completely, therefore 0.5% or less is desirable 1% 
or less especially as a rate of an open pore Moreover, in a cylindrical fuel cell cell, the conductive ceramics of this invention can be used 
also as an interchange connector of a cylinder-like fuel cell cell. 

[0023] Next , the case w h ere the conductive ceramics of this invention are used as a cylinder-like heater element is explained. The heate r 
element shown i n drawing 2 is constituted b y t he resistor 5 which con sjsts.of axylinder-like-sinteredxjoinpact, and the electrodes 6 and 7^ 
, forrned in ends. The conductive ceramics of this invention are used as a resistor 5. As for this heater element, ifispossiblFl^impressing 
thevoliage not more than 50V to electrodes 6 and 7 to make it operate at the temperature of 400-1200 degrees C. As a heater element, a 
monotonous configuration besides the shape of a cylinder of drawing 2 can be begun, and it can produce to arbitration, such as a cylinder 
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spiral and a honeycomb structure. As for it being not necessarily the quality of precise, from the high temperature strength of an element, or 
a viewpoint of creep resistance, it is desirable in a heater element, although not required especially as a rate of an open pore that it is 10% 
or less 20% or less. 
[0024] 

[Function] LaCrOS An important property is having electrical conductivity in reducing atmosphere from an oxidizing atmosphere. For 
example, LaCi03 If it sets and Mg replaces a part of Cr, according to the foUowing-izing 2, a hole will generate and electric conduction 
will be discovered for this. 
[0025] 
[Formula 2] 

Crl^ +5/2O2 (g) +MgO M«Cr''"^^Cr'^^^0 



[0026] However, LaCr03 Expanding in hot reducing atmosphere is known. This expansion is the following-ization 3 [0027]. 
[Formula 3] 

05 :z Vq' +1/20* (g) +2e ' 
cci-e. Vq* iiSS»^:t>mL e 'Itmj-i^o 

[0028] It is alike, and oxygen falls out out of a crystal in reducing atmosphere, the repulsive force of cations becomes large, and it is 
thought that it is because a crystal lattice expands as a result so that it may be shown. LaCr03 If operation which the expansion/contraction 
by change of atmosphere produce repeatedly is performed, finally it will result in destruction. Although the direction **(ed) by reducing 
atmosphere will expand and a tensile stress will generate it in a material-list side since the separator or interchange connector of a fuel cell 
cell is **(ed) by oxygen atmosphere in one side and another side is **(ed) by reducing atmosphere, such as hydrogen, if a concrete 
example is given, if hydrogen is stopped and it is returned to an oxidizing atmosphere by halt of a fuel cell cell, it will contract conversely. 
Therefore, it is LaCr03 when the shutdown of such a fuel cell cell is repeated. It will destroy, consequently the cell itself will be destroyed. 

[0029] In this invention, as a result of examining many things about how to suppress the expansion/contraction accompanying change of 

oxidization/reducing atmosphere, while Mg, calcium, Sr, and Ba replaced a part of La or Cr, it found out that expansion in this reducing 

atmosphere could be made small by replacing Zr at least. Although this reason is not clear, it is presumed by replacing Zr that it is because 

it was because the interaction between cations, such as La, Mg, and calcium, became small or generation of an oxygen ion hole was 

suppressed. 

[0030] 

[Example] 

the [ periodic-table / of 99.9% of purity of example 1 marketing ] - 3a group element oxide and SrC03 -- CaC03, BaC03, MgO, Cr 203, 
and Zr02 It uses. After having prepared these so that it might become the 1st multiple-oxide composition of Tables 1 and 2, mixing with 
the ball mill using the zirconia ball for 24 hours and fabricating this in length of 5x5x45mm, it calcinated at 1500 degrees C among the 
atmosphere for 5 hours. -~*--*-«««=«»-*^ 

[0031] To the obtained sintered compact, the rate of an open pore was measured by the Archimedes method, and the degree of sintering 
was judged. Moreover, the_elec trical condu ctivit y_in_100 Qjleg reesj^ a nd the atmosphere was measured by the direct-current 4 terminal 
method, having printed Pt electrode on this sintered compact, and having used distance between voltage terminals as 20mm by having 
--madethisjntothe electrod e. Furthermore, after leaving a sam ple jnlfflO.degrej^^ and 24-hour hydrogen, the expansion coefficient of a 
sintered compact'waslneasuredat-the room temperature. Moreover, LaMgO.2 Cr 0!8O3l;alcinated ih~20001degreeslC'aff^^ — 
comparison LaO.8 calciumO.2 Cr03 Even if attached, it evaluatediike-the above. J?he_result^ shown in Table 1 and Table 2. 

[0032] . , 

[Table 1] ~ " 



http://www4.ipdl .j po.go.j p/cgi-bin/tran_web_cgi_ejj e 



3/28/03 



Ml 

No. 


Laj^ Mly M2^ Cfp 




m 

m 


(S/ca) 


XIX 


(xiC-* 




Ml 7 


XI2 z 


P 




* I 


LO 


0.2 


— 


O800 


02 


1.5 


2O0 


214 


9.5 


* 2 


as 


Ca a2 


— 


LOOO 


02 


09 


23.0 


25l6 


105 


^ 3 


L05 


« aoGZ 


It a0Q2 


0940 




05 


O003 


I.O 


07 


♦ 4 


1.01 


Ug OlOQIS 


a 001 


09675 


O0005 


03 


OOOB 


1.0 


&7 


5 


LOl 


16 a0Q2 


Zr a 001 


0967 


0001 


04 


013 


1.2 


&7 


6 


1.0G2 


lb 0.050 


Ir 0.010 


a93S 


OO40 


01 


4.2 


1.4 


12 


7 


1.002 


xg ais) 


£r 0.050 


a7B6 


OlOO 


03 


101 


16 


18 


8 


agso 


Ms a300 


Zr 0.100 


0970 


O200 


ai 


12. 2 


2.4 


10 0 


9 


a 873 


Kg a400 


2r a 100 


aS27 


OdOO 


03 


&0 


L8 


102 


10 


a837 


Bf8 OL500 


Zr a 100 


0563 


0.400 


03 


8.B 


16 


10 5 


11 


0.775 


H8 asoo 


2r OldOO 


0425 


0200 


oa: 


7.9 


2.9 


108 


12 


0.745 


Kg Ol600 


Zr aaoo 


0355 


O300 




7*B 


313 


109 


13 


0.890 


H8 a7n 


2f ai«o 


03GO 


OBOQ 


09 


a4 


44 


11.2 


14 


0.680 


Kg QiSOO 


Zr 0200 


0330 


OGOO 


oe 


ai 


46 


11.2 




0.590 


Ik 01900 


2r 0200 


a 310 




09 


2.9 


S5 


il.4 


16 


a700 


Ik 0.900 


Ir OlOO 


OdOO 


aeoo 


08 


&5 


ai 


1L3 


*17 


0.740 


Hi 0.900 


Zr OC60 


O310 


O850 


a>,4 


L5 




as 


4c 18 


0.520 


Ni 1.000 


Zr 0200 


a280 


O800 


16.1 


O002 


47 


1L7 



[0033] 
[Table 2] 
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[0034] For the rate y of an atomic ratio of Mg, at sample No.4 [ smaller than 0.002 ], electrical conductivity is a low so that clearly from the 
result of Tables 1 and 2. Electrical conductivity is bad, the rate of an open pore exceeds 15%, and sample No. 18 to which the rate y of an 
atomic ratio of Mg and calcium exceeds 0.9 understand a bird clapper also for a degree of sintering bad. For sample No.3 with the 
difference (y-z) of the atomic ratio of Mg and Zr smaller than 0.001, and No.3 1, electrical conductivity is a low similarly, (y-z) became 
[ the degree of sintering ] very bad at sample No. 17 [ larger ] than 0.8, and the rate of an open pore is over 30%. Although 0 furthermore 
reaches [ z value ] sample No.l and an expansion coefficient exceeds 0.2% in the conventional article of 2, based on this invention, 
especially as for each ceramics by which composition control was carried out, the expansion coefficient showed 0.08% or less of 
outstanding property 0.1% or less. The sample which satisfies 0< x, 0<z, 0<p, 0.3<=y<=0.6, and 0. 1 <=y-z<=0.4 in these was what has a 10 
- 1 lxlO-6/degree C coefficient of thermal expansion. 

[0035] The separator with which it calcinated at 1500 degrees C for.5.Jhour s. and thes lot withav^ d t h of face [ of 1mm ] and a depth of 
1mm was formed in the shape of a grid at interv als of I mm in thethickness of 2mm^and ti iegize o^^^ 

exam^eTexamp^^ 03 [ with a thickness / 

of 0.2mm /, and a size of 50mm ] in 99.9% of commercial purity. Stabilization Zr02 to contain LaO.8 Sr0.2MnO3 whose powder particle 
diameter is about 2 micrometers at the whole surface of a sheet Air pole powder Moreover, 70 volume %nickel-30 volume %Zr02 (8 mol 
%Y2 03 content) fuel-electrode powder was screen-stenciled in thickness of 30 micrometers in the field of another side, respectively, and 
it printed at 1300 degrees C for 3 hours, sample No. which is elegance conventionally when this was inserted with above-mentioned 
separator, oxygen gas is poured to an air pole side, hydrogen gas is poured to a fuel -electrode side and it generates electricity at 1000 
degrees C ~ 1 and 2 - 0.18 - 0,20 W/cm2 the power generation performance was shown -- receiving sample No.9 of this invention 
article, and 12 and 25 ~ 0.21 - 0.25 W/cm2 The good power generation property was shown. 
— [0036].M^reqver,N2 after generating electricity at 1000 degre_es C for 100 hours It cooled to the room temperature in atmosphere, and the 
temperature up was further earned out to-lOOO- degr^^ atmosphere into hydrogen atmosphere, and it generated 

electricity. Although it destroyed in sample No!i of efegance, and separator destroyed'if by~5"times of repeats by-sample No.2.6_times_ 

conventionally as a result of repeating this 10 times, the outstanding stability was shown by sample No.9 of this invention article, and 12 

and 25, without each breaking after 10 times. 

[0037] 

[Effect of the Invention] As explained above, since the conductive ceramics of this invention can suppress expansion in reducing 
atmosphere as compared with the conventional material, maintaining high conductivity, for example, when it is used as the separ ator etc. _ 
and heater element of a fu£l £elLthe property which expansion contraction was suppressed also in repeat operation and'staBiTizeHTs 
acquired. Moreover, whileli5kmg" manufacture as a heater element easier, the manufacturing cost can also be reduced. 
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